The endocannabinoid system plays an important role in reward and addiction. One of the two main endocannabinoid neurotransmitters, anandamide, is metabolized by fatty acid amide hydrolase, an enzyme with a functional genetic polymorphism (FAAH Pro129Thr, rs324420). The Thr129 allele has been linked to problem drug and alcohol use, but the association has not been widely replicated and may be stronger for clinical measures of severity rather than categorical diagnosis. In the present study, we sought to determine whether the Thr129 allele was associated with both alcohol dependence (AD) diagnosis and severity in a sample of 1434 European American and African American individuals, 952 of whom were diagnosed with lifetime AD. Participants were genotyped for FAAH rs324420, and ancestry was determined via a genome-wide panel of ancestry informative markers. Subjects participated in Structured Clinical Interviews for psychiatric disorders and 90-day Timeline Followback interviews to assess recent alcohol use. European American participants with current AD had a higher Thr129 allele frequency than non-dependent controls. In European Americans with lifetime AD, there were significantly different distributions of drinking days and binge drinking days between the two genotype groups, with Thr129 carriers reporting a median of 10 fewer abstinent days and 13 more binge drinking days than Pro129/Pro129 homozygotes. In African American participants, there were no significant differences between Thr129 allele frequency in cases and controls and no significant differences in measures of AD severity by genotype. These findings provide evidence that the Pro129Thr missense variant is associated with AD severity in European Americans.
INTRODUCTION
The endocannabinoid system modulates brain reward signaling and related behaviors and may therefore influence addiction vulnerability (Parsons & Hurd 2015) . The two best characterized endocannabinoids are 2-arachidonoylglycerol and anandamide (Devane et al. 1992; Stella, Schweitzer & Piomelli 1997) , which predominantly exert their effects in the central nervous system by activating the CB1 receptor (Matsuda et al. 1990 ). Anandamide signaling is terminated by the integral membrane enzyme fatty acid amide hydrolase (FAAH) through conversion to arachidonic acid (Cravatt et al. 1996; Cravatt et al. 2001) . FAAH has a common functional missense variant, Pro129Thr (rs324420), which decreases FAAH activity and results in higher anandamide levels (Chiang et al. 2004; Dincheva et al. 2015) . By increasing anandamide signaling, the Thr129 allele may directly influence the reinforcing properties of addictive substances.
The FAAH polymorphism may have particularly important implications for alcohol use disorder as there is substantial evidence that manipulation of the endocannabinoid system affects alcohol intake in rodents. CB1 agonists have been shown to increase rodent alcohol consumption (Gallate et al. 1999; Colombo et al. 2002) whereas CB1 antagonists have the opposite effect (Arnone et al. 1997; Colombo et al. 1998; Femenia, Garcia-Gutierrez & Manzanares 2010; Wang et al. 2003) . Both knockout mice lacking the FAAH gene and wild-type mice given specific inhibitors of FAAH demonstrate increased preference for alcohol and greater voluntary alcohol consumption (Blednov et al. 2007; Vinod et al. 2008) . Alcohol-preferring rats have been shown to have decreased FAAH expression in the prefrontal cortex as compared to non-alcohol preferring rats, and alcohol self-administration can be increased in non-selected rats by local injection of a FAAH inhibitor (Hansson et al. 2007) . Collectively, these studies suggest that increased CB1 activity and decreased FAAH activity increase rodent alcohol consumption whereas decreased CB1 activity has the opposite effect. Genetic alteration of FAAH activity in humans could therefore influence alcohol dependence (AD) vulnerability and severity.
The FAAH Pro129Thr polymorphism has been implicated in substance use disorders, but the findings are conflicting. Both European and mixed ancestry Thr129 carriers were found to have increased odds of problem drug or alcohol use and substance dependence diagnoses (Sipe et al. 2002; Flanagan et al. 2006) , results that parallel the rodent literature. However, other studies have failed to replicate these associations in samples of European (Tyndale et al. 2007; Buhler et al. 2014) and East Asian ancestry (Morita et al. 2005; Iwasaki et al. 2007) . These association studies have several important limitations. Except for the Iwasaki et al. study, prior studies had small substance misuse samples ranging from 80 to 249 cases. Small samples not only reduce the power to detect real associations but also increase the probability of false positive findings (Button et al. 2013) . Furthermore, all but one of these human studies examined substance misuse as a dichotomous outcome (problem drug or alcohol use versus no problem drug or alcohol use, substance use disorder versus no substance use disorder) which fails to account for the fact that substance use disorders have a continuum of severity. These methodological limitations and conflicting findings demonstrate the need for more thorough analyses in a larger sample.
In the present study, data were analyzed from a sample of European American and African American participants who were genotyped for FAAH rs324420 and underwent a comprehensive assessment for alcohol use disorder. By using a sample that included approximately one thousand individuals with AD, we aimed to have sufficient power to reduce the likelihood of false positive or negative findings. However, we did not conduct formal power calculations as the heterogeneity of the substance use disorder and ancestries analyzed in previous association studies make it difficult to reliably estimate an effect size for the present analysis. We used standardized assessments to analyze AD severity as a continuous measure in addition to dichotomizing subjects as alcohol dependent cases and controls. We hypothesized that Thr129 carrier status would be associated with both AD diagnosis and greater AD severity. To the best of our knowledge, the association between the Pro129Thr polymorphism and AD severity has not yet been investigated.
MATERIALS AND METHODS

Participants
A total of 1612 participants were recruited under two NIH Institutional Review Board-approved screening and evaluation protocols and were comprehensively assessed at the National Institutes of Health Clinical Center (Bethesda, Maryland, USA). All participants provided written informed consent. Participants were assessed using Structured Clinical Interviews for DSM-IV axis I disorders (SCID-IV). To avoid potential confounds from population stratification, the analysis was limited to individuals of European or African ancestry, the two major ancestries included in the sample. Without reference to FAAH genotype or clinical status, 95 participants of other ancestries were excluded from the analysis. Subjects with missing SCID data were also excluded (n = 83). The final sample size was 1434 participants. The participants were divided into those who had never met criteria for AD when assessed at our center (control group, n = 482, 70.5% European ancestry) and participants who had met AD criteria on at least one assessment (lifetime AD group, n = 952, 56.4% European ancestry).
Genotyping
Genotyping was performed at the National Institute on Alcohol Abuse and Alcoholism Laboratory of Neurogenetics. Genomic DNA was extracted from whole blood using standard protocols and run on an Illumina OmniExpress BeadChip array (Illumina San Diego, California, USA). FAAH Pro129Thr (rs324420) genotype as well as independent ancestry informative markers were obtained from the array data. The average genotype reproducibility was more than 0.99994. Ancestry informative markers (n = 2500) were extracted from the Illumina array to calculate ancestral proportions for all study participants. Using methods described previously (Hodgkinson et al. 2008) , ancestry assessment identified six ethnic factors: Africa, Europe, Asia, Far East Asia, Oceania and Americas. Only individuals who were of European (European American) and African (African American) ancestry were included in our analysis.
Outcome Measures
Alcohol dependence diagnosis
Alcohol dependence was assessed using the Structured Clinical Interview for DSM-IV axis I disorders (First et al. 1995) . This structured interview has high inter-rater reliability for AD or abuse (Martin et al. 2000) . Individuals who were diagnosed with AD at any prior visit or the most recent visit to our center were defined as having lifetime AD whereas only those who were diagnosed at the most recent assessment were defined as having current AD.
Timeline Followback (TLFB) interviews
Alcohol TLFB interviews are a method of retrospectively estimating daily drinking using a calendar and memory aids to enhance recall (Sobell & Sobell 1992) . We used an Alcohol TLFB interview in which subjects recalled their drinking over the previous 90 days. These interviews have been found to have high test-retest reliability (Sobell et al. 1996) and are widely used as measures of alcohol consumption in clinical studies. We looked at three outcome measures: total drinks, total number of drinking days (days in which participants consumed at least one drink) and total number of binge drinking days over the 90-day period. We used the National Institute on Alcohol Abuse and Alcoholism's definition of a binge: four or more drinks for women and five or more drinks for men in a given day (NIAAA 2004) . TLFB interviews were conducted with the majority of participants (n = 1260).
Alcohol Use Disorders Identification Test (AUDIT)
The AUDIT is a 10-item questionnaire that assesses problematic alcohol use in the past year (Saunders et al. 1993) . Responses to each question are scored from 0 to 4 with a total score that can range from 0 to 40, with greater scores indicating increasing severity. The AUDIT can also be divided into three subscales, a consumption (hazardous alcohol use) subscale based on questions 1-3 (AUDIT-C), a dependence symptom subscale based on questions 4-6 (AUDIT-D) and a harmful alcohol use subscale based on questions 7-10 (AUDIT-H). The AUDIT demonstrates good test-retest reliability and internal consistency (Reinert & Allen 2007) . AUDIT scores were obtained for 41.9% of the participants in our sample (n = 601).
Statistical Analysis
Due to the relationship between ancestry and FAAH Pro129Thr genotype distribution in our sample (χ 2 (2) = 91.599, p < 0.001), all comparisons were made between individuals of the same ancestry or were controlled for ancestry. Previous reports have demonstrated that both FAAH Thr129/Pro129 heterozygotes and Thr129/Thr129 homozygotes produce FAAH enzymes with decreased activity resulting in higher anandamide levels (Sipe et al. 2002; Chiang et al. 2004; Dincheva et al. 2015) . Furthermore, there were only a small number of Thr129/Thr129 homozygotes in our sample (41 European Americans and 81 African Americans) which limited our power to detect differences between Thr129/Thr129 homozygotes and other genotype groups. Thr129 carriers (Thr129/Thr129 homozygotes and Thr129/Pro129 heterozygotes) were therefore pooled and compared with Pro129/Pro129 homozygotes for all analyses (see Tables S1, S2 and S3, for demographic and outcome data for all three genotype groups).
The relationship between AD diagnosis and genotype was analyzed using two-proportion Z-tests to compare Thr129 allele frequency between cases and controls. We then performed a whole sample (n = 1434) binary logistic regression to assess the effect of genotype on the probability of AD diagnosis while controlling for gender, ancestry and the most common psychiatric comorbidities in our sample (cocaine and cannabis dependence or abuse, any anxiety disorder and major depressive disorder). As a measure of diagnostic severity, we compared AD symptom count at the most recent assessment between genotype groups. We used the Kendall rank correlation coefficient (Kendall's Tau-b) to determine whether associations were present between genotype and symptom count in each ancestry. We then used binary logistic regression to compare whether Thr129 carriers had increased probability of having a more severe symptom count (6-7 DSM-IV AD symptoms) as compared to a mild-moderate symptom count (2-5 DSM-IV AD symptoms) while controlling for the same confounding variables as in the AD diagnosis analysis. Cut-offs were based on DSM-5 severity specifiers for Alcohol Use Disorder (APA 2013), although it should be noted that these cut-offs were not designed to be used for DSM-IV Alcohol Dependence which has less total criteria than DSM-5 Alcohol Use Disorder and does not have defined severity specifiers. We only had symptom count data for a subset of the sample (n = 632), and in the binary logistic regression analyses we also excluded those who met less than two criteria from the analysis (n = 65); therefore, the sample sizes for these analyses were smaller than the previous analysis (n = 632 for the correlation analysis and n = 567 for the binary logistic regression analysis).
To further assess the impact of FAAH genotype on AD severity, we compared TLFB measures and AUDIT scores between genotype groups among those with lifetime AD. Mann-Whitney U tests were performed for data which were not normally distributed, and independent samples t-tests were performed for normally distributed data. Prior to each analysis, the following confounding variables were analyzed between genotype groups: age, gender, years of education, cigarette pack-years, Fagerström Test for Nicotine Dependence score (Heatherton et al. 1991) , Childhood Trauma Questionnaire score (Bernstein & Fink 1998) , and the most common comorbid substance use and psychiatric diagnoses in our sample (major depressive disorder, any anxiety disorder, cannabis abuse or dependence, and cocaine abuse or dependence). Confounding variables for each group were compared using chi-square tests of independence for categorical variables and Mann-Whitney U tests for continuous variables and subgroup analyses were performed if there were differences between genotype groups.
Rank-biserial correlation coefficients (r rb ), Cohen's d and odds ratios are reported as measures of effect size for Mann-Whitney U tests, independent samples t-tests and logistic regression analyses, respectively. Given the strong evidence that correcting for multiple comparisons reduces false positive results in candidate gene studies (Sullivan 2007) , we used an experiment-wise Benjamini-Hochberg false discovery rate (FDR) (Benjamini & Hochberg 1995) which excluded the logistic regression analyses and AUDIT subscale analyses (given that AUDIT subscales were highly correlated with total AUDIT score: Spearman's rho 0.62-0.88, p < 0.001 for all correlations). Uncorrected p-values are reported along with whether significant tests no longer remain significant after FDR correction.
RESULTS
Demographics
The final sample used for analysis (n = 1434) was predominantly male (67.2%) with a mean age of 39.0 years (SD = 11.7). A total of 877 participants were of European ancestry, and 557 participants were of African ancestry (for overall sample demographics by genotype and ancestry, see Table 1 ). The lifetime alcohol-dependent group (n = 952) was also predominantly male (71.1%) with a mean age of 42.6 (SD = 10.5). Five hundred thirty-seven participants were of European ancestry, and 415 participants were of African ancestry (for demographics by genotype and ancestry in lifetime AD participants with TLFB interview data, see Table S4 ).
FAAH Genotype Distribution
In European Americans, FAAH genotype distribution was 62.6% Pro129/Pro129 (n = 549), 32.7% Thr129/Pro129 (n = 287) and 4.7% Thr129/Thr129 (n = 41). In African Americans, FAAH genotype distribution was 39.0% Pro129/Pro129 (n = 217), 46.5% Thr129/Pro129 (n = 259) and 14.5% Thr129/Thr129 (n = 81). Neither group's allele distributions significantly deviated from Hardy-Weinberg equilibrium (χ 2 (2) = 0.081, p = 0.960; χ 2 (2) = 0.045, p = 0.978). We used data from the 1000 Genomes Project Consortium (Abecasis et al. 2010) to compare the allele frequency of our sample to that of the general population. European
American FAAH Thr129 allele frequency was 0.210, which did not differ significantly from the population frequency of 0.211 reported by The 1000 Genomes Project Consortium (Z = 0.02, p = 0.982; data accessed via dbSNP, NCBI). African American Thr129 allele frequency was 0.378, which also did not differ significantly from the population frequency of 0.368 reported by The 1000 Genomes Project Consortium (Z = 0.52, p = 0.601; data accessed via dbSNP, NCBI).
In the overall group, there were no significant differences by genotype and ancestry in confounding variables with the exception of cannabis abuse or dependence diagnosis, which was lower in African American Thr129 carriers as compared to Pro129/Pro129 homozygotes (Table 1 ). In the lifetime AD group, there were no significant differences by genotype and ancestry in confounding variables for TLFB interview analyses and AUDIT analyses (Tables S4 and S5 ).
FAAH Genotype and Alcohol Dependence Diagnosis
Participants were divided into cases (n = 952, 56.4% European American) and controls (n = 482, 70.5% European American) based on lifetime diagnosis of AD. A secondary analysis was also performed. This analysis only included individuals who met criteria for AD at their most recent assessment as cases (current AD group, 892 participants, 56.7% European American), and excluded participants who had recovered from a previous AD diagnosis by their most recent assessment (n = 60), drank significantly less than current AD cases (246 versus 824 median total drinks during the 90-day period; U(57,831) = 7596.5, p < 0.001), and had consumption patterns closer to those of controls.
Thr129 allele frequencies in European Americans with and without lifetime AD were 0.226 and 0.185, respectively. A two-proportion Z-test revealed that the Thr129 allele was found at a greater frequency in European Americans with lifetime AD (Z = 2.02, p = 0.037, 95% CI 0.002 to 0.079), but this difference was not significant after correction for multiple comparisons. When only those with current AD and more severe drinking patterns were used as cases, Thr129 allele frequency was significantly higher in cases than controls after correction for multiple comparisons (0.234 for cases and 0.178 for controls, Z = 2.91, p = 0.004, 95% CI 0.018 to 0.094). In contrast, African Americans showed no difference in Thr129 allele frequency between those with and without both lifetime AD (0.377 cases, 0.380 controls, Z = À0.10, p = 0.944, 95% CI À0.069 to 0.062) and current AD (0.380 cases, 0.374 controls, Z = 0.17, p = 0.867, 95% CI À0.055 to 0.067, Fig. 1 ). As diagnosis of cannabis abuse or dependence was found to be higher in African American Pro129/Pro129 homozygotes compared to Thr129 carriers (Table 1) , we repeated these analyses using only African American participants without a DSM-IV diagnosis of cannabis abuse or dependence, which did not significantly alter these findings.
Logistic regression was used to investigate the effect of Thr129 carrier status on the probability of lifetime and current AD diagnosis after controlling for gender, ancestry and comorbid DSM-IV diagnoses including cannabis and cocaine abuse and dependence, major depressive disorder and any anxiety disorder. An interaction term for FAAH genotype by ancestry was initially included in the lifetime AD and current AD analyses, but was dropped as it was not significantly contributing to either model (χ 2 (1) = 0.185, p = 0.667, lifetime AD analysis; 
FAAH Genotype and Alcohol Consumption
Timeline Followback interviews were conducted with 888 of our participants with lifetime AD (Table S4) . European American Thr129 carriers had a higher median number of drinking and binge drinking days compared to non-carriers in the 90 days prior to assessment: 81 versus 71 drinking days and 77 versus 64 binge drinking days. The distribution of drinking and binge drinking days was significantly different between genotype groups (U(298,199) = 25 352, p = 0.006, r rb = 0.206 for number of drinking days, U(298,199) = 25 055.5, p = 0.003, r rb = 0.155 for number of binge drinking days, Fig. 2 ). European American Thr129 carriers also consumed a higher median number of total drinks during the 90-day period than non-carriers, with a difference in distribution of total drinks between genotype groups marginally exceeding the 0.021 threshold for statistical significance after correction for multiple comparisons (860 versus 753 median total drinks, U(298,199) = 26 060, p = 0.022, r rb = 0.121). In African Americans, there were no significant differences in the distributions of any of the TLFB interview outcomes between genotype groups (U(150,241) = 17 654.5, p = 0.699, r rb = 0.023 for total drinks, U(150,241) = 16 018, p = 0.056, r rb = 0.114 for number of drinking days, and U(150,241) = 17 842.5, p = 0.830, r rb = 0.013 for number of binge drinking days, Fig. 2 ). AUDIT scores were analyzed to confirm our TLFB interview findings and were available for 207 of our participants with lifetime AD (Table S5) . In European Americans, the mean AUDIT score was significantly higher in Thr129 carriers relative to non-carriers (mean AUDIT scores: 22.3 Thr129 carriers, 15.4 Pro129/Pro129 homozygotes; t(61) = 2.872, Figure 1 FAAH rs324420 Thr129 allele frequency in participants with and without a diagnosis of alcohol dependence at their most recent assessment (alcohol-dependent cases and non-dependent controls). Standard error is indicated by the error bars. European American Thr129 allele frequency was significantly higher in participants with current alcohol dependence than in controls. European Americans: cases n = 506, controls n = 371, African Americans: cases n = 386, controls n = 171. **p < 0.01 p = 0.006, 95% CI 2.1 to 11.7, Cohen's d = 0.74, Fig. 3 ). There was no difference in AUDIT scores between the two genotype groups in African Americans (mean AUDIT scores: 19.9 Thr129 carriers, 17.9 Pro129/Pro129 homozygotes; t(142) = 1.536, p = 0.127, 95% CI À0.6 to 4.8, Cohen's d = 0.26, Fig. 3 ).
To determine whether the differences in AUDIT scores between European American Thr129 carriers and non-carriers were being driven solely by the AUDIT's alcohol consumption questions, we performed an additional analysis comparing each AUDIT subscale between genotype groups. In Thr129 carriers, median scores were higher for all three subscales with significantly different distributions for the consumption (hazardous alcohol use) and dependence symptom subscales (AUDIT-C Thr129 carrier median = 9.0, Pro129/Pro129 median = 8.0, U(50,13) = 456.5, p = 0.024, r rb = 0.405; AUDIT-D Thr129 carrier median = 3.0, Pro129/Pro129 median = 2.0, U(50,13) = 439.0, p = 0.050, r rb = 0.351; AUDIT-H Thr129 carrier median = 7.0, Pro129/Pro129 median = 5.5, U(50,13) = 421.0, p = 0.101, r rb = 0.295).
DISCUSSION
Our results provide preliminary evidence of an association between the FAAH Pro129Thr polymorphism and both probability and severity of AD. Alcohol-dependent subjects were found to have a higher Thr129 allele frequency than controls. Logistic regression analyses demonstrated that Thr129 carriers retained a higher probability of current AD after controlling for multiple confounding variables. Thr129 carriers were found to have greater AD severity than non-carriers using AD symptom counts, TLFB interview measures and AUDIT scores. Allele frequency findings and associations between Thr129 carrier status and AD severity were restricted to European Americans.
Thr129 allele frequency was higher in European Americans with a current or lifetime AD diagnosis than in controls, but only the former comparison remained significant after FDR correction. Given that we have shown that Thr129 carriers in our sample had more severe AD in terms of symptom count, alcohol consumption and AUDIT score, it is possible that Pro129/Pro129 homozygotes were more likely to recover over time which would explain why the association between Thr129 and AD diagnosis was strengthened when recovered AD individuals were grouped with controls. Future studies should seek to determine whether Pro129/Pro129 homozygotes are indeed more likely to attain sustained remission and whether FAAH genotype could be a clinically useful prognostic factor for AD.
Our findings add to a growing body of literature suggesting that altered FAAH activity affects alcohol consumption. Knock-in models show that Thr129/Thr129 mice have both higher levels of anandamide and greater alcohol intake than their Pro129/Pro129 counterparts (Dincheva et al. 2015; Zhou et al. 2016) . This accords with studies showing increased anandamide levels and ethanol intake when FAAH is pharmacologically inhibited (Kathuria et al. 2003; Blednov et al. 2007; Hansson et al. 2007; Vinod et al. 2008) . Alcohol consumption also affects anandamide levels. Chronic alcohol administration decreases anandamide uptake into neurons which in turn leads to increased extracellular anandamide and decreased CB1 receptor density in rodents chronically exposed to alcohol Vinod et al. 2006) . It is therefore possible that chronic alcohol consumption further increases anandamide levels in the human brain thus accentuating the effects of the Thr129 allele on alcohol consumption, although this remains to be empirically studied. Increased alcohol consumption in Thr129 carriers may be mediated by endocannabinoid-induced alterations in striatal circuits involved in habit formation and reward. Retrograde anandamide signaling is implicated in long-term depression in the dorsal striatum, an area thought to play a crucial role in habit learning (Gerdeman, Ronesi & Lovinger 2002) . Habit formation in mice is prevented by deletion of CB1 receptors from cortical projections to the dorsal striatum (Gremel et al. 2016) , demonstrating the behavioral importance of endocannabinoid-induced long-term depression. Endocannabinoids also affect reward signaling in the nucleus accumbens. Anandamide administration in rodents increases extracellular dopamine levels in the nucleus accumbens shell (Solinas et al. 2006 ) whereas CB1 receptor knockout mice lack ethanol-induced accumbal dopamine release . Thr129 carriers may therefore have alterations in striatal circuits that enhance reward sensitivity and promote the development of habitual behaviors, both of which could increase AD vulnerability and severity. Neuroimaging studies in humans confirm that Thr129 carriers have distinct neurobiological differences compared to Pro129/Pro129 homozygotes. Thr129 carriers demonstrate increased reward-related ventral striatal reactivity which correlates with a behavioral preference for smaller immediate over larger delayed rewards (Hariri et al. 2009) , suggesting that differences in striatal reactivity could help explain the increased levels of alcohol consumption observed in these individuals. There is also evidence that the neurobiological differences in Thr129 carriers extend beyond the realm of reward and addiction. Thr129 carriers show decreased amygdala response and faster amygdala-mediated habituation to angry or fearful faces (Hariri et al. 2009; Gunduz-Cinar et al. 2013) . Resting-state functional analyses have demonstrated increased connectivity between the ventromedial prefrontal cortex and the amygdala in Thr129 carriers, results which parallel connectivity findings in knock-in mice homozygous for the Thr129 allele (Dincheva et al. 2015) . Thr129 carriers also demonstrate decreased placebo-induced muopioid neurotransmission accompanied by lower placebo-induced analgesia (Pecina et al. 2014) . In addition to the effects on neuroimaging outcomes, Thr129 carriers with AD and comorbid posttraumatic stress disorder have higher basal serum anandamide levels and lower subjective anxiety responses during stress challenge (Spagnolo et al. In Press) . Whether the effects of the Thr129 allele on stress reactivity, fear extinction and pain perception also play a role in increasing AD vulnerability and severity remains to be demonstrated.
Despite evidence that altered FAAH activity and endocannabinoid signaling affect both addictive behavior and related neural circuitry, results from genetic association studies have been mixed. Our findings offer potential explanations for these discrepancies. The odds ratios and rank-biserial correlations obtained from our analyses suggest that the magnitude of the Pro129Thr polymorphism's effect on both probability and severity of AD is small. This could explain why this locus was not found to be associated with AD in the largest genome-wide association study to date (Gelernter et al. 2014) , which primarily confirmed associations for well-known alcohol-metabolizing enzyme genes that are thought to have larger effects (Li, Zhao & Gelernter 2011; Bierut et al. 2012; Hart & Kranzler 2015) . Larger genome-wide association study samples will be needed to achieve the statistical power necessary to identify loci with smaller effects such as FAAH Pro129Thr (Hart & Kranzler 2015) . Our results also indicate that this polymorphism has ancestry-specific effects, which suggests that findings will vary depending on the ancestry of the sample being studied. This provides a possible explanation for results demonstrating the absence of this genetic association in Japanese samples (Morita et al. 2005; Iwasaki et al. 2007 ). In our study, the lack of an association between the Thr129 allele and both AD diagnosis and severity in African Americans could be due to a larger role for socioeconomic factors in this group thus diminishing the contribution of this specific polymorphism to the AD phenotype. In support of this, our African American participants had a markedly lower median income bracket than our European American participants. Alternately, ancestry-specific variations in gene expression or specific gene-gene interactions could explain these discrepancies. Future studies should seek to confirm whether the FAAH Pro129Thr polymorphism's effect is ancestry-specific and if so, should seek to determine which factors are responsible for its differential effects. Finally, our study only examined the association between the Thr129 allele and alcohol-related phenotypes, whereas prior studies examined associations with both alcohol and various other drugs of abuse. This raises the possibility that the Thr129 allele may predispose individuals to specific substance use disorders and may even be protective for others. In support of this, in our demographic analyses, we found that African American Thr129 carriers had lower rates of cannabis abuse or dependence, which parallels a previous finding in individuals of European ancestry (Tyndale et al. 2007 ). However, this finding should be approached with some discretion as (1) it was not an a priori hypothesis of our study; (2) our study was designed to recruit alcohol dependent individuals and therefore had relatively low numbers of individuals with cannabis abuse or dependence; and (3) we did not apply the same stringent statistical corrections for multiple comparisons in these demographic analyses as we did for our alcohol-related analyses.
As this is a candidate polymorphism study, our results should be interpreted with caution. Association studies tend to overestimate the predisposition conferred by a genetic polymorphism and are often not replicated in subsequent studies (Ioannidis et al. 2001) . To avoid reporting spurious associations, we limited our analysis to one single nucleotide polymorphism with known neurochemical and behavioral effects. Furthermore, we used a Benjamini-Hochberg FDR to adjust for experiment-wise multiple comparisons as there is strong evidence that using a more conservative significance threshold reduces false positive rates in candidate gene studies (Sullivan 2007) . Nevertheless, findings from our study should be considered tentative until these results are replicated in other large alcohol-dependent samples. Supportive results should be obtained from large genome-wide association studies or meta-analytic approaches before definitive conclusions can be made.
We have demonstrated an association between the FAAH Pro129Thr polymorphism and AD risk and severity, but it remains to be shown whether there is a Thr129 allele dose-response effect. Although we lacked a sufficient number of Thr129/Thr129 homozygotes to examine this in our study, we continue to collect data and will hopefully be adequately powered for such analyses in the future. Given that CB1 agonist administration leads to a dose-dependent increase in ethanol intake in rodents (Colombo et al. 2002) , it is possible that increasing Thr129 allele dose could lead to greater increases in anandamide levels and subsequent ethanol consumption. The development of FAAH inhibitors for therapeutic use in humans (Bisogno & Maccarrone 2013) provides an exciting opportunity to further resolve these questions as it allows for the direct manipulation of FAAH activity in vivo to determine how varying levels of activity influence alcohol consumption.
